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FOREWORD
The U.S. Geological Surv ey (USGS) is committed to serve the Nation with accurate and timely scientific information that helps enhance and protect the overall quality of life, and facilitates effective management of water, biological, energy, and mineral resources. Information on the quality of the Nation's water resources is of critical interest to the USGS because it is so integrally linked to the long-term availability of water that is clean and safe for drinking and recreation and that is suitable for industry, irrigation, and habitat for fish and wildlife. Escalating population growth and increasing demands for the multiple water uses make water availability, now measured in terms of quantity and quality, even more critical to the longterm sustainability of our communities and ecosystems.
The USGS implemented the National WaterQuality Assessment (NAWQA) Program to support national, regional, and local information needs and decisions related to water-quality management and policy. Shaped by and coordinated with ongoing efforts of other Federal, State, and local agencies, the NAWQA Program is designed to answer: What is the condition of our Nation's streams and ground water? How are the conditions changing over time? How do natural features and human activities affect the quality of streams and ground water, and where are those effects most pronounced? By combining information on water chemistry, physical characteristics, stream habitat, and aquatic life, the NAWQA Program aims to provide science-based insights for current and emerging water issues. NAWQA results can contribute to informed decisions that result in practical and effective water-resource management and strategies that protect and restore water quality.
Since 1991, the NAWQA Program has implemented interdisciplinary assessments in more than 50 of the Nation's most important river basins and aquifers, referred to as Study Units. Collectively, these Study Units account for more than 60 percent of the overall water use and population served by public water supply, and are representative of the Nation's major hydrologic landscapes, priority ecological resources, and agricultural, urban, and natural sources of contamination.
Each assessment is guided by a nationally consistent study design and methods of sampling and analysis. The assessments thereby build local knowledge about water-quality issues and trends in a particular stream or aquifer while providing an understanding of how and why water quality varies regionally and nationally. The consistent, multi-scale approach helps to determine if certain types of water-quality issues are isolated or pervasive, and allows direct comparisons of how human activities and natural processes affect water quality and ecological health in the Nation's diverse geographic and environmental settings. Comprehensive assessments on pesticides, nutrients, volatile organic compounds, trace metals, and aquatic ecology are developed at the national scale through comparative analysis of the Study-Unit findings.
The USGS places high value on the communication and dissemination of credible, timely, and relevant science so that the most recent and available knowledge about water resources can be applied in management and policy decisions. We hope this NAWQA publication will provide you the needed insights and information to meet your needs, and thereby foster increased awareness and involvement in the protection and restoration of our Nation's waters. A water year is the 12-month period from October 1 through September 30. It is designated by the calendar year in which it ends.
Acronyms used in this report: Trace-element concentrations in streambed sedi ment determined from this study were compared to median trace-element concentrations for streambedsediment data collected from streams across the Nation during 1992-96. Generally, concentrations of arsenic, cadmium, copper, lead, mercury, and zinc were higher or similar to the national median concentration of these same trace elements. Concentrations of chromium, nickel, and selenium in streambed sediment of the study area generally were lower than the national median concentration.
Most of the analytical results for synthetic organic compounds were reported as either estimated or non-detected values. Phthalates and polycyclic aro matic hydrocarbons were the most frequently detected classes of synthetic organic compounds in streambed sediment. Organochlorine pesticide residues were detected at two sites. Polychlorinated biphenyls were detected at one site.
INTRODUCTION
In 1991, the U.S. Geological Survey (USGS) began full-scale implementation of the National WaterQuality Assessment (NAWQA) Program. The program goals are to characterize water-quality conditions and trends in the Nation's surface-and ground-water resources and the natural and human factors affecting those conditions. These goals are accomplished by col lecting biological, physical, and chemical data at sites that represent a broad distribution of diverse environ mental influences thought to control water quality in major river basins of the United States. The design of the program enables integration of the information into a nationally consistent database for comparison of water-quality data over time and over a large range of geographic and hydrologic conditions. The general concepts for full-scale implementation of the NAWQA Program are outlined in a report by Hirsch and others (1988) .
The Northern Rockies Intermontane Basins (NROK) study area in western Montana, northern Idaho, and eastern Washington ( fig. 1 ) was one of the study areas selected for assessment as part of the NAWQA Program. The NROK study area was selected to represent several important river basins and aquifer systems in the northern part of the intermoun tain west. Study activities in the NROK area began in late 1996. One part of the NROK assessment was to examine the occurrence and distribution of trace ele ments and synthetic organic compounds in streambed sediment collected from streams in the basins. Streambed sediment provides habitat for many aquatic organisms and can act as the primary exposure pathway for contaminants in aquatic ecosystems. Streambed sedi ment also integrates the transport of contaminants with time, and may indicate their long-term presence and transport in the aquatic environment better than water samples periodically collected from the stream. Trace elements in aquatic systems may be attributed to natu ral geologic sources or to past and present land use. Although trace elements originate from natural sources, human activities such as mining, agriculture, and urbanization can affect their concentration and dis tribution. In contrast, synthetic organic compounds are solely the product of human activities. This report presents selected results of sampling for trace elements and synthetic organic compounds in streambed sediment from the Clark Fork-Pend Oreille and Spokane River basins in Montana, Idaho, and Washington. Streambed-sediment samples were col lected at 22 sites ( fig. 1, table 1 ) during the summer of 1998. Concentrations of trace elements and carbon were determined for samples from all 22 sites and syn thetic organic compounds were determined for samples from 14 of those sites. Sampling sites were selected to represent a wide range of environmental conditions.
Description of Study Area
The NROK study area ( fig. 1 ) covers about 31,500 mi 2 of Montana (68 percent of the study area), Idaho (21 percent), and Washington (11 percent). A small part of the study area lies within the Walla Walla Plateau section of the Columbia Plateaus physio graphic province, whereas most of the study area lies within the Northern Rocky Mountains physiographic province. The study area is characterized by a complex geologic history that involves multiple episodes of sed imentation, igneous activity, uplift, and erosion mostly by fluvial and glacial processes. Approximately 56 percent of the land in the study area is publicly owned (primarily within State and National forest lands, Gla cier National Park, and federally-designated wilder ness areas). About 37 percent of the study area is privately owned and about 7 percent is within the Coeur d'Alene, Flathead, Kalispell, and Spokane Indian Reservations (Maret and Dutton, 1999) . The climate of the study area is affected by both maritime and continental air masses. Precipitation ranges from approximately 100 in. per year in the mountains of northwestern Montana and northern Idaho, to less than 15 in. per year in the drier intermon tane valleys. Most of the annual precipitation falls between late autumn and spring, much of it as snow. Large snowpacks release water as snowmelt runoff, which occurs primarily from April to July. Historical flooding in the study area typically has been a result of weather systems from the Pacific Ocean bringing warm air and rain that melt accumulated snowpack at low-to mid-altitudes in winter and spring.
Two major rivers drain the NROK study area: the Clark Fork-Pend Oreille and the Spokane ( fig. 1 ). The headwaters of the Clark Fork begin along the Continen tal Divide near Butte, Mont., and the river flows northwest more than 350 mi to Pend Oreille Lake in Idaho. The Flathead River is the largest tributary to the Clark Fork, draining much of northwestern Montana and a small part of British Columbia, Canada; its three major forks join near the south entrance to Glacier National Park and flow into Flathead Lake. The Flathead River joins the Clark Fork about 76 mi downstream from Flathead Lake, approximately doubling the streamflow of the Clark Fork. The Clark Fork terminates at its inflow (or inlet) to Pend Oreille Lake and the Pend Oreille River begins at the outlet of Pend Oreille Lake. The Pend Oreille River flows through northeastern Washington before joining the Columbia River in Brit ish Columbia, Canada. At the international border, the entire Clark Fork-Pend Oreille River basin drains an area of about 25,200 mi 2 (about 79 percent of the study area) with an annual mean discharge of 26,790 ft 3 /s (Wiggins and others, 1999).
The Spokane River basin covers approximately 6,600 mi 2 or about 21 percent of the study area. The Spokane River begins in northern Idaho at the outlet of Coeur d'Alene Lake which has two primary inflows, the Coeur d'Alene and St. Joe Rivers. Flowing through the City of Spokane, Wash., the Spokane River has an annual mean discharge of about 6,760 ft 3 /s (Wiggins and others, 1999). Downstream from Lake Spokane (a reservoir created in the early 1900s and locally known as Long Lake), the Spokane River enters the Columbia River in eastern Washington.
About 1,600 active and inactive hard-rock mines of various sizes are located in the Clark Fork-Pend Oreille and Spokane River basins (Maret and Dutton, 1999) . Ore bodies located in the upper Clark Fork basin near Butte, Mont., and in the South Fork Coeur d'Alene River valley in Idaho produced large amounts of copper, lead, silver, and zinc, primarily from the 1880s through the 1980s. Metal extraction also yielded large volumes of metal-rich wastes, or tailings, which were deposited directly into or near these streams and their tributaries. These tailings typically were enriched in arsenic, cadmium, copper, lead, mercury, and zinc. Elevated concentrations of trace elements in streambed sediment at sites in the Clark Fork-Pend Oreille and Spokane River basins are well documented (Johns and Moore, 1987; Horowitz and others, 1993 Horowitz and others, , 1995a Horowitz and others, , 1995b Bortleson and others, 1994; Phillips and Lipton, 1995; Hornberger and others, 1997; Woods and Beckwith, 1997; and Grosbois and others, 2001 ). Andrews (1987) estimated that 100 million tons of tailings were discharged to streams in the headwaters of the Clark Fork near Butte, Mont., during the period 1880 to 1982. As a result, metal enrichment of the streambed sediment of the Clark Fork has been reported as far as 150 mi downstream from Butte (Moore and Luoma, 1990) . Silver Bow Creek and the Clark Fork downstream from Butte to the confluence with the Blackfoot River compose one of the largest Superfund areas in the Nation. (Bortleson and others, 1994) .
Methods
Twenty-two streambed-sediment sampling sites were selected (table 1) using recommended NAWQA Program guidelines (Gilliom and others, 1995) . Major ions, trace elements, and carbon were determined for samples from all 22 sites; synthetic organic compounds also were determined for samples from 14 of those sites. The selected sites include those where fish tissue and water-quality sampling was conducted as part of the NROK study, as well as additional sites to achieve greater spatial distribution and to assess specific envi ronmental conditions. The sites sampled represent a wide range of environmental settings and degrees of human impact, including pristine mountain streams and streams affected by mining-related and urban activities.
Streambed-sediment samples were collected using the procedures described by Shelton and Capel (1994) . A representative sample was obtained by col lecting the upper inch of fine-grained streambed sedi ment from 5 to 10 depositional zones along a 300-to 600-ft stream reach. Depositional zones commonly are located in shallow pools and back eddies, behind boul ders, and along the banks of low-velocity stream reaches. Samples were collected with a plastic spoon and composited in a glass vessel until approximately 1 to 2 liters of sediment had been obtained. Samples for major and trace-element analysis were wet sieved, using stream water, through a 63-µm mesh nylon sieve into 500-mL plastic containers for shipment to the laboratory. Samples for synthetic organic compound anal ysis were wet sieved through a 2-mm mesh stainlesssteel sieve into pre-cleaned 1-L glass jars. All samples were placed on ice immediately after sieving and shipped in coolers by express carrier to the USGS National Water Quality Laboratory (NWQL) in Den ver, Colo. Precautions taken to minimize sample con tamination included wearing vinyl gloves, covering the glass collection vessel, sieving inside a mobile labora tory, and following rigorous cleaning and sampling methods as specified by NAWQA Program protocols (Shelton and Capel, 1994) .
Streambed-sediment samples were analyzed for 45 inorganic constituents consisting of major and trace elements, carbon, and 109 synthetic organic com pounds (tables 2 and 3, back of the report). Samples for major and trace-element analysis were digested at the laboratory using a mixture of hydrochloric, nitric, per chloric, and hydrofluoric acids. The resultant solution was evaporated to dryness, the remaining solid material reconstituted with 5-percent nitric acid, and filtered. The extracts were analyzed for major and trace ele ments by inductively coupled plasma-atomic emission spectrometry as described by Arbogast (1990 Arbogast ( , 1996 , Fishman (1993), and Sanzolone (1999) . Following solvent extraction, samples for analysis of synthetic organic compounds were analyzed by dual capillarycolumn gas chromatography with electron-capture detection as described by Foreman and others (1995) and Furlong and others (1996) .
Recently, the USGS NWQL developed a conven tion for reporting the presence of substances at low concentrations (Childress and others, 1999) . These estimated values (indicated by a remark code "e" in this report) are smaller than a minimum amount reliably reported by a given analytical method (the minimum reporting level or MRL), but larger than the method detection limit (MDL) which was established to keep the possible occurrence of false negative or false posi tive error to 1 percent or less. The remark code "e" also is used to indicate quantitative uncertainty intermit tently introduced by chemical interference or variable recovery efficiency (Furlong and others, 1996) . Esti mated values indicate that substances have been identi fied (detected), but the reported concentration has more uncertainty than concentrations that are reported (con centrations higher than the MRL) without the "e" remark code.
TRACE ELEMENTS IN STREAMBED SEDIMENT
Trace elements (metals and metalloids) occur nat urally in rivers and streams from the weathering of rocks and mineral soils, but also can be introduced by human activities such as mining and processing of metal ores, manufacturing and other industries, and the production and consumption of fossil fuels. Several trace elements are of environmental concern because of their toxicity to both aquatic and terrestrial biota. Some trace elements can accumulate or concentrate (biomagnify) in higher levels of the food chain. Ele ments of particular environmental concern include arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, and zinc. Results of analyses of these trace elements in streambed sediment are presented in table 4 (back of report). For each of these nine trace elements of environmental concern, a minimum, max-imum, and median concentration was calculated from all the analytical results. These values are presented in table 5 (back of the report) along with median concen tration values for streambed-sediment data collected as part of the NAWQA Program from streams across the Nation during 1992 -96 (Rice, 1999 . To increase the likelihood of detecting trace elements and allowing data among sites to be compared, the silt and clay frac tion (<63 µm) of streambed sediment was collected for this study, as well as for those samples collected from 1992-96 for the NAWQA Program. Streambedsediment data collected for this study and from 1992-96 represent ambient concentrations that result from a combination of natural processes and human-caused activity (Rice, 1999) .
Arsenic concentrations in streambed sediment of the Northern Rockies Intermontane Basins study area ranged from 2.6 to 190 µg/g (table 4). In the Clark Fork-Pend Oreille River basin, most arsenic concentra tions in streambed sediment were relatively low ( fig. 2 ) and were near the national median value of 6.3 µg/g (table 5) for arsenic concentrations in streambedsediment samples collected in 1992-96 as part of the national NAWQA Program (Rice, 1999). However, along the Clark Fork, arsenic concentrations at three sites ranged from 22 to 180 µg/g (sites 1, 2, and 6) and were much higher than the national median value. In the Spokane River basin, some arsenic concentrations were near the national median value but about one-half of the arsenic concentrations (14 to 190 µg/g at sites 16, 17, 18, 19, and 20) were much higher than the national median value.
Cadmium concentrations in streambed sediment ranged from <0.10 to 28 µg/g. In the Clark Fork-Pend Oreille basin, 8 of 13 streambed-sediment samples contained cadmium concentrations that were less than the national median value of 0.40 µg/g. However, five samples contained cadmium concentrations that were higher than the national median value and concentra tions at three sites equaled or exceeded 1 µg/g (sites 1, 2, and 6). In the Spokane River basin, almost all cad mium concentrations were higher than the national median value. The three highest values ( fig. 2) ranged from 24 to 28 µg/g (sites 18, 19, and 20).
Chromium concentrations in streambed sediment of the study area ranged from 33 to 65 µg/g (table 4). In the Clark Fork-Pend Oreille basin, only one sample collected in the Clark Fork near Galen (site 1) con tained a chromium concentration that exceeded the national median value of 64 µg/g (table 5). In the Spo kane River basin, all chromium concentrations were lower than the national median value.
Copper concentrations in streambed sediment ranged from 18 to 1,200 µg/g. In the Clark Fork-Pend Oreille basin, many copper concentrations were near the national median value of 27 µg/g; copper concen trations at six sites were higher than the national median value. Copper concentrations at three sites along the Clark Fork ranged from 140 to 1,200 µg/g (sites 1, 2, and 6) and were much higher than the national median value. Similarly, in the Spokane River basin, many copper concentrations were near the national median value; the three highest values ( fig. 2) ranged from 62 to 140 µg/g (sites 18, 19, and 20).
Lead concentrations in streambed sediment of the study area ranged from 12 to 6,600 µg/g (table 4). In the Clark Fork-Pend Oreille basin, 6 of 13 lead concen trations exceeded the national median value of 27 µg/g (table 5). At sites 1 and 2, along the Clark Fork, lead concentrations were 200 and 120 µg/g, respectively. In the Spokane River basin, most lead concentrations in streambed sediment were higher than the national median value. The largest lead concentrations in the Spokane River basin ( fig. 2 ) ranged from 1,600 to 6,660 µg/g (sites 18, 19, and 20).
Mercury concentrations in streambed sediment ranged from <0.02 to 4.5 µg/g. In the Clark Fork-Pend Oreille basin, most mercury concentrations were near or less than the national median value of 0.06 µg/g. However, along the Clark Fork, three mercury concen trations ranged from 0.33 to 1.1 µg/g (sites 1, 2, and 6). In the Spokane River basin, 5 of 9 mercury concentra tions exceeded the national median value. The three highest values in the Spokane River basin ( fig. 2 ) ranged from 0.71 to 4.5 µg/g (sites 18, 19, and 20) .
Nickel concentrations in streambed sediment ranged from 12 to 29 µg/g (table 4). In the Clark ForkPend Oreille basin, all nickel concentrations were lower than the national median value of 27 µg/g (table 5); the highest nickel concentration was about 24 µg/g at site 1. In the Spokane River basin, only one nickel concentration (29 µg/g at site 20) exceeded the national median value.
Selenium concentrations in streambed sediment of the study area ranged from <0.10 to 0.92 µg/g. In the Clark Fork-Pend Oreille basin, only one selenium con centration exceeded the national median value of 0.70 µg/g. In the Spokane River basin, all selenium concen trations were lower than the national median value. Zinc concentrations in streambed sediment ranged from 47 to 4,600 µg/g (table 4). In the Clark Fork-Pend Oreille basin, most zinc concentrations were near or slightly lower than the national median value of 110 µg/g (table 5 ). Along the Clark Fork, two zinc concentrations were 1,300 and 1,000 µg/g (sites 1 and 2). In the Spokane River basin, 6 of 9 zinc concen trations exceeded the national median value. The three highest values in the Spokane River basin ( fig. 2) ranged from 3,200 to 4,600 µg/g (sites 18, 19, and 20) .
In general, sites 1 and 2 in the Clark Fork-Pend Oreille basin and sites 18, 19, and 20 in the Spokane River basin had the largest concentrations of trace ele ments in streambed sediment samples. At these five sites, the concentrations of most of the trace elements analyzed for this study exceeded the median concentra tions determined from streambed sediment samples collected in 1992-96 as part of the national NAWQA Program (Rice, 1999) . At the other 17 sites sampled in the NROK, concentrations of trace elements in streambed sediment were generally near or less than the national median concentration. Concentrations of arsenic, cadmium, copper, lead, mercury, and zinc in streambed-sediment samples from the NROK gener ally were higher or similar to the national median, whereas concentrations of chromium, nickel, and sele nium generally were lower.
To characterize within-site variability of traceelement and carbon concentrations, triplicate samples were collected at two sites (table 6, back of the report): the Clark Fork at Turah Bridge, near Bonner, Mont. (site 2), and the South Fork Coeur d'Alene River near Pinehurst, Idaho (site 18) ( fig. 1) . Each of these tripli cate samples was collected from separate stream reaches and processed and analyzed independently. The triplicate analyses indicate some variability in trace-element concentrations in streambed-sediment samples (table 6). The variability might result from where samples were collected. Relative percent differ ences (RPD) ranged from 0.0 percent for lead to 110 percent for cadmium; the median RPD for all samples at both sites was 29 percent.
SYNTHETIC ORGANIC COMPOUNDS IN STREAMBED SEDIMENT
Most of the analytical results from the 14 sites sampled for synthetic organic compounds in the NROK study area were reported as either estimated or non-detected values (table 7, back of the report).
Phthalates and polycyclic aromatic hydrocarbons were the most frequently detected classes of synthetic organic compounds in streambed sediment. Some form of phthalates was detected at every site (table 7) . Phthalates commonly are used in the manufacture of many kinds of plastics; the plastic spoons and filter apparatus used in sampling and sieving may have con tributed to the frequent detection of phthalates.
Organochlorine pesticide residues were detected in streambed sediment at two sites (sites 21 and 22) in the NROK study area. Although banned from use in the United States since the early 1970s, DDT and its deg radation products p,p'-DDD and p,p'-DDE can persist in the environment. The concentration of p,p'-DDE in streambed sediment of Hangman Creek (site 21) upstream from its confluence with the Spokane River near downtown Spokane, Wash., was 1.4 µg/kg. Both p,p'-DDD and p,p'-DDE were detected in samples col lected from the Spokane River at Seven Mile Bridge (site 22) downstream from the City of Spokane, Wash. (table 7) .
Polychlorinated biphenyls (PCBs) were detected in streambed-sediment samples from the South Fork Coeur d'Alene River near Pinehurst (site 18) at an esti mated concentration of 26 µg/kg (table 7) , or about one-half the laboratory MRL. However, PCBs were not detected in streambed sediment at any of the other sample sites, including the Spokane River at Seven Mile Bridge (site 22) downstream from the Spokane, Wash., urban area and municipal treatment plant.
To characterize with-in site variability of syn thetic organic compounds and carbon concentrations, triplicate samples were collected at two sites (table 8, (table 8) . However, some synthetic organic compounds were detected in only one or two of the triplicate samples. The triplicate analyses indicate some variability in synthetic-organic compound con centrations in streambed-sediment samples that might result from the spatial variability in the stream reach where the samples were collected. ------- ---11  --------e23  14  --------e15  17  --------e40  18  ----e13  --120  20  ----e9.8  e15  e20  e13  e19  e36  21  --------60  22 --e6.6 e17 e24 --e45 
